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Abstract

This paper analyzes how quantitative strategies for international emissions trading (IET) could be used as an instru-
ment to reduce countries’ compliance costs and enhance export competitiveness. Using the cost-effective IET as a
benchmark, the author shows that a green quantitative strategy of encouraging domestic abatement is optimal for per-
mit-buying countries with relatively high demand for permits. In contrast, a brown quantitative strategy that discourag-
es domestic abatement is optimal for permit-selling countries and permit-buying countries with relatively low demand.
Finally, the country first setting quantitative strategy on IET could enjoy the first-mover advantage of reducing com-

pliance costs and enhancing export competitiveness.

Keywords: export competitiveness, international emissions trading, quantitative strategy, cost-shifting strategy, stra-

tegic environmental policy.
JEL Classification: Q54, Q58.

Introduction

International emissions trading (hereafter IET) pro-
posed in the Kyoto Protocol adds a new dimension to
the practice of emissions trading scheme (ETS),
which is an economic instrument to reduce pollutants
in a cost effective manner. In the literature, there are
several studies showing the cost effectiveness of ETS
at national level (e.g., Chichilnisky and Heal, 1995)
and international level (e.g., Evans, 2003; Criqui et
al., 1999; Kainuma et al., 1999; Weyant, 1999). The
extended practice of ETS to the international level
signifies that countries’ interaction in the internation-
al market could arise from, in addition to the compe-
tition in the commodity export market, the permit
trading in the IET. Under the circumstance, coun-
tries” permit trading behavior directly affects the
supply or demand condition and hence the equili-
brium permit price as well as compliance costs, and
indirectly influences countries’ production decision,
export competitiveness, and social welfare.

Even though violating the cost effectiveness of IET,
self-interested countries may have incentive to trade
permit strategically because through which they can
transfer part of their compliance costs to others. This
“cost-shifting policy”, originating from the idea of
the literature on strategic trade policy (STP)', is first
proposed by Lee et al. (2013), who explore the ex-
tent to which the concept of STP can be applied in
IET. Concerning the implication on export competi-
tiveness, the cost-shifting strategies in IET could be
also thought of as a strategic environmental policy,
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! The literature on STP usually focuses on government’s trade policy
which could affect firms’ interactions in an international oligopolistic
market. The central idea is the “strategic profit-shifting policy”. Early
contributors in this field include, among others, Brander and Spencer
(1981, 1985), Spencer and Brander (1983), Dixit (1984), Brander
(1986), Eaton and Grossman (1986), and etc.
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which is widely discussed in the literature on trade and
the environment (e.g., Dean, 1992; Conrad, 1993;
OECD, 1993; Barrett, 1994; Beghin et al., 1994; Jaffe
et al., 1995; Thompson and Strohm, 1996; Ulph, 1996;
Jayadevappa and Chhatre, 2000). Given the restriction
on the use of trade instruments under free trade agree-
ments such as World Trade Organization (WTO),
strategic environmental policy appears as a feasible
substitute to extract foreigners’ rent.

Up to now, none of the studies have yet attempted to
analyze the competitive implications of quantitative
strategies in IET as a strategic environmental policy.
This issue is important given the common concern
for competitiveness in the design of climate policy
and the megatrends in the wave of trade liberaliza-
tion worldwide, hence stimulates our motivation to
explore how strategic trading in IET could be used
as a strategic environmental instrument to reduce
countries’ compliance costs and enhance export
competitiveness.

Strategic trading in [ET is plausible in the real world
for at least two reasons. First, based on Article 17 of
the Kyoto Protocol, IET shall be supplemental to
domestic actions for the purpose of meeting quanti-
fied emission limitation and reduction commit-
ments. However, this supplementarity principle does
not provide a clear definition regarding the individ-
ual countries’ transaction levels. As a consequence,
differing interpretation on what extent the IET
should be used arises (Zhang, 2001). One interpreta-
tion indicates that the domestic actions should be the
main means of meeting the countries’ abatement
commitments, so that IET should be an addition to
domestic actions. The other interpretation states that
IET will be supplemental to whatever domestic ac-
tions are taken, and one country could use IET to
meet its abatement commitments as much as it
wishes. In other words, countries can freely choose
the trading amount in IET to maximize their indi-



vidual interests. Second, in the IET system, there is
no supranational authority with the power to deter-
mine the transaction levels and/or to prevent indi-
vidual governments to set strategic trading behavior.
The strategic trading behavior in IET is also valid
under the framework of WTO, because no asso-
ciated measuring criterion is specified.

Specifically, this paper aims at examining the link
between export competitiveness and the strategic
trading in IET with binding exogenous target level
of carbon emissions. We develop a two-stage se-
quential game with complete information to analyze
the optimal quantitative strategies. Countries are
assumed to be Cournot competitors in the interna-
tional commodity market with free trade (e.g.,
Brander and Spencer, 1985) and price-takers in the
ETS. Parallel to the literature on Porter hypothesis
(e.g., Greaker, 2003), we define a green (brown)
strategy as the one such that marginal cost of own
abatement exceeds (falls short of) the international
permit price. The optimal quantitative strategies and
implications on export competitiveness are then
explored under a second-best scenario given that the
regulation on commodity trade is not allowed.

We show that the second-best quantitative strategies
in IET depend on two effects, consisting of the direct
effect on emissions trading and the indirect (spillov-
er) effects on commodity export. Combining these
two effects, a green strategy of promoting domestic
abatement best serves the interest of a country’s ex-
port industry when the industry has relatively high
demand for permits. In contrast, a brown strategy of
discouraging domestic abatement is optimal for per-
mit-selling countries and permit-buying countries
with relatively low demand. We also demonstrate
that, in the case of unilateral regulation, the country
adopting strategic trading behavior will be better-off.
In sum, our result partially parallels what is found in
the Porter hypothesis, indicating that countries with
relatively high demand of permits, such as the Euro-
pean Union, would set stringent regulation in an [ET
system and come out in favor of a greener domestic
abatement policy.

The remainder of this paper is organized as follows.
Section 1 introduces the basic settings of the model.
The equilibria without and with quantitative strate-
gies are derived in Sections 2 and 3, respectively.
The implications on export competitiveness are
drawn in Section 4. Finally, the concluding remark
is summarized in the final Section.

1. The basic settings

Assume a two-sector economy, with a numeraire
sector and a homogeneous oligopoly sector. Consi-
der a partial equilibrium model of the oligopoly
sector. There are N (N > 2) Annex-1 countries, in-
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dexed by i =1, ... N. The output level of country i is

denoted as g; > 0. All outputs in these countries are

exported to a non Annex-1 region with the inverse
N

demand p =1 — Q, where Q = Zqi is the aggregate
i=1

output level. The production generates carbon emis-

sions, and the emissions are proportional to output

levels. Let € >0 be the output-based emission

factor (carbon emissions per unit of output) of coun-
try i. Country i’s gross emission level is thus 8,q; .

Among the N countries, there is an international
agreement which sets legally binding restrictions on
individual countries’ carbon emissions, and allows
these countries to comply with their respective caps
by own abatement or permits trading in an IET mar-

ket. The emission cap assigned to country i is w, '
Country i could comply with w, through making
better use of technologies such as improvement of
energy efficiency, carbon capture and storage, etc.

Let ¢; be the actual emission level of country i,
where 0<e <6g,. Country i’s own abatement

level equals (6,g, —e;) and the associated abate-
ment costs ¢ (g:.e,) = &(g_q_ _¢,)? are strictly
i [ 2 idi i

convex, where ¢; >0 is a technological parameter
and increasing with falling abatement efficiency.

In the IET market, the non Annex-1 region plays no
role because it has no obligation of carbon reduc-
tions. As for the Annex-1 countries, there is no spe-
cific restriction on their trading in the international

agreement, so they can strategically choose the
amount of permits trading. Denote country i’s trad-

ing amount as #;, where f, =e, —w.;, >0 means
the amount that country i purchases from the IET
market, and f, <0 signifies the amount that country
i sells to the IET market.

Based on the above setting, country i’s social wel-
fare S; equals the revenue of commodity sales minus
the cost of complying with emission cap w,, and the

latter is composed of own abatement cost and permit
trading expenditure or revenue. That is,

$(g.€) =14 {%(qu —¢) +r(e —Vv,-)}iﬂ»---»N, (1)

! The emission caps in an international agreement (e.g., Kyoto Protocol) are
assigned for free. In practice, the allocation can be determined based on
historic emissions (grandfathering), outputs, abatement performance, etc. In
this paper, we assume that there is already an agreed allocation, and how this
allocation is determined is beyond the scope of this paper.
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where r>0 is the price, and

w,)>(<)0 represents country i’s permit

permit
r (ei -
trading expenditure (revenue).

In the following sections, we respectively solve the
equilibria without and with quantitative strategies in
the IET market. The competitiveness implications
are then drawn by comparing the two equilibria.

2. Equilibrium without quantitative strategies

In the absence of quantitative strategies, each coun-
try i chooses optimal output level ¢, and emission
level e, to maximize its social welfare, as denoted

in (1). The associated first-order conditions for an
interior solution are:

P-4 =[a(6q,-¢)0, )
and
o (6g,—¢é)=r,i=1...,N. 3)

Equation (2) states that country i will adjust its out-
put level until marginal revenue of commodity sales
equals marginal cost of production (i.e., marginal
abatement cost associated with producing one more
unit of commodity). Equation (3) indicates that-
country i’s optimal emission level is determined at
the condition under which marginal abatement cost
equals permit price. This condition is generally re-
ferred to as the cost-effective condition of IET be-
cause all trading countries have the same marginal
abatement cost and the sum of countries’ com-
pliance costs is minimized.

The equilibrium aggregate output Q and equili-
brium output price p are derived using equations

(2)-(3) and the inverse demand function p =1 — Q,
and are shown as follows:

~ N-Or . 1+0r
= —— d = 5
Q N +1 e p N +1

“4)

N
where ®:ZQ.. Country i’s output level is

i=1
g, = p—6r by (2)-(4). Substituting g, = p—6r
(4) into (3) yields country i’s demand for permits:

éi=9i(1+®r—6’irj—i,i=l,...,N. 5)
N +1 a;

L

Assume that the permit demand function is down-

A

Oe.
ward sloping, i.e., a—e’ < 0. Thus the following as-
r

sumption is made.
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Assumption Al: yizé?i(é’.— © J+L>O.

N +1 a.

1

Using (5) and the market-clearing condition of

N N

IET Zei = Zv_vi, we derive the equilibrium permit
i=1 i=1

price as follows:

-2

N

-1
where [ = (Z‘/u,j > (0 given Assumption Al. In

i=1
order to have a positive equilibrium permit price, we
further make the following assumption.

N
Assumption A2: Z(Ne’ 1= Wij > 0.
+

i=1

At the equilibrium without quantitative strategies,
the IET market operates in the cost effective way
that minimizes the sum of countries’ compliance
costs for a given aggregate abatement target. This
equilibrium will be used as the benchmark case for
investigating the competitiveness implications of
quantitative strategies in the following sections.

3. Optimal quantitative strategies in IET

This section develops a non-cooperative game to
analyze individual countries’ optimal quantitative
strategies in IET. Strategic trading behavior in IET
introduces shadow tariff (or subsidy) on emissions
trading which would alter countries’ demand for
permits and market equilibrium. Countries recog-
nize the ensuing impacts of strategic trading and
take them into consideration in determining their
optimal trading amounts. Accordingly, each country
faces a two-stage optimization problem with an
objective of maximizing social welfare. In the first
stage, countries simultaneously choose their respec-
tive optimal quantitative strategies for IET, and, in
the second stage, given the strategic trading amounts
and the associated shadow tariff (or subsidy), they
select their respective optimal outputs and emis-
sions'. Then the equilibrium output price and permit
price are respectively determined based on the in-
verse demand function for output and market-
clearing condition of the IET.

To solve the subgame perfect equilibrium (hereafter
SPE) of the game, we work backwards, starting
from the second stage. In this stage, given the quan-

' The sequence of the game reflects the plausible situation in which
quantitative strategies are made at the government levels, and the deci-
sions for outputs and emissions are made at the firm levels.



titative strategy t;, country i chooses optimal output
g. and emission e, to maximize its social welfare

a _
nm(q,,e,)Si(qi’e[) = pqz _[El(etq, _e,')2 +r(el. _‘/V,')], (7)
st.t,=e—w,i=1,...,N. 8
The Lagrange function for the above problem is
a. 2 —
Caneh)=pa | L0 =) +rle-m)

ﬂ“i [ti _(ei _"—Vi)]’

©)

where A, is the Lagrange multiplier, which measures

the effect of a small change in quantitative strategy ¢;
on country i’s social welfare, and is referred to as
the shadow tariff (or subsidy) of ¢,

The associated first-order conditions for an interior
solution are:

p—q; =la(0q; —¢)b, (10)
and
(0g, —¢ )=r+A,i=1,..,N. (11)

Based on (11), the shadow tariff (or subsidy) of
quantitative strategy # can be expressed as

A=q (6’16[: —el.* ) —r, which is the difference
between domestic marginal abatement cost and
permit price. In the case of 4, >0, domestic abate-
ment cost is greater than permit price, implying a
shadow tariff imposed on the permit purchase or a
shadow subsidy distributed to the permit sale. As a
consequence, domestic abatement level increases. In

contrast, 4. <0 means a shadow subsidy is distri-

buted to the permit purchase or a shadow tariff is
imposed on permit sale, consequently decreasing
domestic abatement amount. Based on the above
and the literature on Porter hypothesis (e.g., Greak-
er, 2003), the following definition is provided.

Definition D1. A green (brown) trading strategy is
defined as the quantitative strategy for IET such that
domestic marginal abatement cost exceeds (falls
short of) the international permit price, and is a
strategy of encouraging (discouraging) domestic
abatement.

The equilibrium aggregate output Q° and permit
price p" are given by

1+®r+i€iﬂ7

— = 12
N+1 (12)

N—@r—ﬁ‘gﬂ,

— = and p =
N+1 b

¢

0 =
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Country i’s  optimal  output level s
g =p —-0(r+21),i=1,...,N by (10)-(12).
Substituting this equation of q: and (12) into (11)

yields country i’s demand for permits:

N
1+®r+29j/1j .
e

i

which is also downward sloping given assumption

*

. Oe, . s
Al ie., a—e’ =—u, <0. The associated equilibrium
r

permit price is:

N
r=F-YkAi, (14)

i=1

N
where k;, = F,ui,Zki =1,and 0<k, <1.

i=1
So far we have obtained the relationships linking
variables p, q:, el.* and r" to the shadow tariff (or
subsidy) A.. Substituting (14) and e, =1, + w, into
(13), we can derive the optimal /11* , which is a func-
i),

tion of trading ie.,

A=A (1, ..

1

amounts (1,

oA,
.tN). Assume that 8—’<0 (ie., a
I
higher ¢; means a larger purchase or a lower sale of
allowances, and signifies a browner strategy). Using
this assumption and equations (10)-(14), we derive
the following results:

oe’

—>0, 15
o (15)
or’

—4>0, 16
o (16)

aqfﬁ 6[quj
—>0,and -~ 2 <0, i=1...,N. (17)
ot, ot,

1 1

Proofs of (15)-(17) are in Appendix 1. Equations
(15) and (16) state that if country i adopts a browner
strategy (higher ¢,), its optimal emission level and
excess demand for permits will increase. Thus the
equilibrium permit price increases, too. Equation
(17) means that the country choosing a browner
strategy can increase its output level, and, other
things being equal, the aggregate output of its rivals’
decreases.
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Next, turn to the first stage of the game. Given
* «\N * * . *
(q,. ,€; ),_1 , P, and r, country i chooses #, to ma-

ximize its social welfare. Given the assumption of

oA
8—’< 0, the optimal condition for shadow tariff
t.

1

(subsidy) can be expressed as follows:

ﬂi*:q)i(e;_V_Vi)+Qiq;’i:1""’N’ (18)
where @, = M >0 and
de |,

) a(ij/ati]

J#Ei

Q = - < 0 according to (15)-(17).
: (8ei/6ti) g to (15)-(17)

The optimal shadow tariff (subsidy) in (18) is a
second-best strategy, and it is composed of two
parts, consisting of a direct effect on emissions trad-

ing @, (el.* - vT/l.) and an indirect effect on commod-
ity exports Qg .

Given @, >0, the direct effect on emission trading
q)i(e; —vT/l.) is positive (negative) if and only if

e; > (<)w,. Therefore, when considering only the

direct effect, a green strategy is optimal for permit-
buying countries while a brown strategy is optimal
for permit-selling countries. The explanation is pro-
vided as follows. In a perfectly competitive IET
market without quantitative strategies, marginal
abatement cost equals permit price by (3). Consider-
ing the ensuing impacts on permit price, individual
countries would have incentive to adopt quantitative
strategies such that the allowance price alters toward
their respective desired direction. By doing so, they
could transfer part of their respective compliance
cost to others, i.e., referred to as the cost-shifting
policies. Setting a green strategy is optimal for per-
mit-buying countries because it decreases the excess
demand for permits and hence the equilibrium per-
mit prices. In contrast, it is optimal for permit-
selling countries to select a brown policy to decrease
their domestic abatement and excess supply of per-
mits, and this will lead to a higher permit price. The
above result is consistent with Lee et al. (2013),
who suggest that discouraging permit trade (with a
tax on permit trading) is optimal for price-taking
countries as far as cost-shifting is concerned.

On the other hand, the indirect effect on commodity
exports Qiq: measures the spillover impact of the
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quantitative strategy #; on commodity export. This
effect is always negative, implying that a brown
strategy is optimal if only the indirect effect is con-
sidered. This result is consistent with the common
perception in the literature on trade and the envi-
ronment which suggests that strict environmental
regulation might shift the marginal cost upward and
hence lowers profits and competitiveness. The
above results are summarized as follows.

Proposition 1. The optimal permit-trading strategy
hinges on two effects, consisting of the direct price
effect on permit trading and indirect (spillover) ef-
fects on commodity export. If only the direct price
effects are considered, the permit-selling countries
should choose a brown strategy while the permit-
buying countries should select a green strategy. In
contrast, when considering only the indirect effect
on commodity export, all countries should choose
brown strategy.

Based on the above, the direct and indirect effects
are both negative for permit-selling countries, hence
/1,.* < 0 (or equivalently, a brown policy) is optimal
for these countries. In contrast, the optimal policies
for permit-buying countries depend on the relative
magnitude of the positive direct effect to the nega-
tive indirect effect. If the positive direct (negative
indirect) effect dominates, a green (brown) strategy
is optimal. In order to draw more intuitive insights
regarding the optimal policy of a permit-buying
country, equation (18) is rewritten as follows:

> >
4 =0if and only if 1,=T,,
< <

for country i with (ei* - v_vl.) >0,

(19)
(e; — Wi)

0.4;
tensity (i.e., the ratio of permit purchase to the gross

- _0.
emission), and I, =———>0. Based on (19), the

(Al

following definition is provided.

where [, = >0 is the permit-buying in-

Definition D2. A permit-buying country i has rela-
tively high (low) demand for permits if and only if
I, > (I,

Given definitions D1-D2 and equation (19), permit-
buying countries with relatively high demand for per-
mits should adopt a green strategy, while those with
relatively low demand for permits should choose a
brown strategy. The above results are summarized as
follows.



Proposition 2. A brown strategy is optimal for permit-
selling countries and permit-buying countries with
relatively low demand for emission permits. In con-
trast, a green strategy is optimal for permit-buying
countries with relatively high demand for emission
permits.

4. Implications on export competitiveness

This section is concerned with the competitiveness
implications of quantitative strategies for IET. The
emphasis is on whether and how the quantitative
strategies affect the countries’ social welfare.

First, compare the equilibria in the previous two sec-
tions. Based on equations (3) and (11), countries’
quantitative strategies would violate the cost-effec-
tiveness of ETS. Equation (14) indicates that the ag-
gregate impact of quantitative strategies on the equi-
librium permit price is ambiguous because countries
might adopt green or brown strategies. Accordingly,
individual countries’ optimal permit trading amounts
and domestic abatement levels could be higher or
lower at the equilibrium with quantitative strategies,
as compared to the benchmark case (i.e., the cost-
effective equilibrium). Thus individual countries may
or may not benefit from strategic trading in the case
of multilateral quantitative strategies. This result and
implication are summarized as follows.

Proposition 3. Countries’ quantitative strategies
would violate the cost-effectiveness of IET. Countries
may or may not gain from adopting quantitative strate-
gies in the case of multilateral quantitative strategies.

In the literature and in practice, strategic ‘“‘cost-
shifting” trading behavior in IET is widely neglected.
Therefore, our next focus is on a plausible circums-
tance of unilateral quantitative strategy (i.e., a circums-
tance where only one country has the far-seeing intel-
ligence to act strategically in the IET, while others
behave based on the cost-effective condition in equa-
tion (3), as suggested by the general literature). With-
out loss of generality, assume that country 1 sets quan-
titative strategy while other countries do not. The asso-
ciated equilibrium is provided as follows.

Corollary 1. The equilibrium of unilateral quantita-
tive strategy is given by:

/il :(I)l(él _wl)"‘Qlél;

Q:N—®%%M;mdﬁzkﬂﬁ+az_

N +1 N+1 ~
G=p-0(F+4) and G, = p—OF fori=2, .. N;
azq[p—q0+iﬂ—r+% and & =6 p—67——

o o

fori=2,... N; and
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F=i—kA,.

Compared to the equilibrium without quantitative
strategies in Section 2, country 1’s social welfare is
higher at the equilibrium of unilateral quantitative

strategy, i.e., §1 > Sl , and the proof is in Appendix

2. In other words, the country takes the first step to
set the unilateral quantitative strategy can enjoy the
first-mover advantage of making the price toward its
desired direction and shifting its compliance costs to
others. As a result, the country’s production cost is
lower and its exports become more competitive.
This result is summarized as follows.

Proposition 4. The country with far-seeing intelli-
gence of acting strategically in IET would enjoy the
first-mover advantage of enhancing export competi-
tiveness.

Conclusion

This paper investigates the optimal quantitative
strategies on the IET market and the associated
competitiveness implications. We show that the
optimal permit trading strategy depends on two ef-
fects, consisting of the direct effect on emissions
trading and the indirect (spillover) effects on com-
modity export. The direct effect captures the impact
of strategic trading on permit price. Allowance-
buying countries can select a green strategy to re-
duce the excess demand and lower the permit price,
while allowance-selling countries can choose a
brown strategy to reduce the excess supply and en-
hance the permit price. On the other hand, when
considering only the indirect effect on commodity
export, all countries should choose a brown strategy.
Combining the direct and indirect effects, we show
that a brown strategy is optimal for permit-selling
countries and permit-buying countries with relative-
ly low demand for permits, while those with rela-
tively high demand should adopt a green strategy.
Finally, the country taking the lead in setting quan-
titative strategy in IET will enjoy the first-mover
advantage of reducing compliance costs and enhanc-
ing competitiveness.

This paper presumes a perfectly competitive ETS,
which can be relaxed in the future. In other words,
one can assume that some countries have market
power, and explore how market structures affect the
results. On the other hand, an empirical estimation
of the impacts of quantitative strategies on the ex-
port competitiveness deserves future research atten-
tion. In particular, reliable estimates on countries’
abatement costs and comprehensive simulations
could make such an analysis applicable to practical
policy design.
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Appendix 1

Proof of Equation (15):

*

Ce,

i
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Using Chain rule, we have % = (aﬁ] (%] >

0-2, 24
J#

i

9 1 - 1 - _
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Proof of Equation (16):
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Proof of Equation (17):

By (10) and (11), we have ‘],-* =p - Hi(r* +4,). Differentiating this equation with respect to A, yields

2.9,

oq. 1 NO 4
i: (—®k1+01)+01(k1_1):(_‘ j(kl—1)+ o (_ki)<0, given O<kl<1.
04 N+1 N+1 N+1
Using Chain rule, we have 4 q ( )[ ] '
Ot.
k. —
Because equation (12) indicates that i ®N 16: , we have

E _0q, (N 1 2;,‘9

o2, az o4 \N+1 N+1

G(Zéj 5(29?] o
Using Chain rule, we have Vil — J# ( A ] <0.

a, oA,

Appendix 2

Proof of Proposition 4:

Denote A=¢q,—q,, B=p—p, F=r—T1, and K=¢,—¢,. Then we have

2
5 A F+
S, —S,=Aqg, +Bg, —ﬂ—F(é1 —w). (al)
2a1
From Corollary 1 (~—_ —M ituti i ion i ing yi
ry 1, (¢ Wl) = . Substituting this equation into (al) and rearranging yields
1
~ A ~\2
$,-8,=-W(i), (a2)
2 2
wherewz(ﬂ 9(1 k)j ( _kl) _£<0-
N +1 2q, D,

S

Therefore, from (a2) we have 5'1 - SA'I > 0, or, equivalently, S > S
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